Abstract
Introduction

36
Halogen chemistry in the troposphere influences budgets of O3, HOx (OH and HO2), NOx (NO and NO2) (von 37 There is thus a discrepancy between box and global models as to the impact of halogen chemistry on OH 126 concentrations in the troposphere. Box models suggesting that OH radical concentrations should increase and 127 thus that halogens tend to increase the oxidising capacity, whereas the global models tend to suggest the opposite. 128
129
In this work, we use both a detailed chemical box model approach and a global chemistry-transport model to 130 investigate the local and global impacts of halogen chemistry on HOx radical concentrations. We focus on 131 seasonal HOx observations available from the Cape Verde Atmospheric Observatory (Vaughan et al., 2012) . We 132 first provide a summary of the measurement site and the observations, followed by details of the two models used 133 September (SOS3)), and are discussed in detail by Vaughan et al. (2012) . We present here the results from a 155 modelling study of the HOx measurements made during SOS1 and SOS2, when supporting measurements are 156 available, using both box and global model approaches. SOS3 is not considered in this work owing to a lack of 157 supporting measurements. 158
159
Measurements of OH and HO2 during the Seasonal Oxidant Study were made by laser-induced fluorescence (LIF) 160 spectroscopy at low pressure using the fluorescence assay by gas expansion (FAGE) technique, and are described 161 in detail by Vaughan et al. (2012) . Briefly, ambient air is drawn into a fluorescence cell situated on the roof of a 162 shipping container and maintained at pressures of ~ 2 Torr. The fluorescence cell has two excitation axes, with 163 excess NO added at the second axis to titrate HO2 to OH, enabling simultaneous detection of OH and HO2. OH 164 radicals in both excitation axes are excited by laser light at  ~ 308 nm, generated by frequency tripling the output 165 Calibration of the instrument is achieved by measurement of the fluorescence signal from known concentrations 169 of OH and HO2, produced by the photolysis of water vapour, and was performed over a range of conditions before, 170 during and after the campaign. For OH, the 1  limit of detection (LOD) was in the range (2-11) × 10 5 cm -3 for a 171 5 min averaging period, while for HO2 1  LOD was in the range (6-13) × 10 5 cm -3 for a 4 min averaging period. 172
Uncertainties (2 ) in the measurements of OH and HO2 are ~32 % (Vaughan et al., 2012) . Processor (KPP) (Sandu and Sander, 2006 iso-butane / ppt 13.4 ± 9.8 11.1 0 -62.7
n-butane / ppt 21.9 ± 17.6 17.8 0 -112.9
Actylene / ppt 79.0 ± 27.8 70.4 45.0 -180.5
Isoprene / ppt 0.1 ± 0.4 0 0 -2.6
iso-pentane / ppt 3.9 ± 3. (1100-1300) HO2 to OH ratio is (83.4 ± 15.4) (median = 82.7), with the halogens this changes to (68.3 ± 13.6) 384 (median = 66.9) ( Table 2 ). This change in partitioning is mainly due to the reaction of HO2 with BrO and IO 385 followed by the photolysis of HOBr and HOI to give OH. In this way the halogens tend to reduce the concentration 386 of HO2 and increase the concentration of OH. 387 At midday (1100-1300), the modelled to observed ratios for OH and HO2 for the global model excluding halogen 423 chemistry are (1.52 ± 1.02) and (1.72 ± 0.80), respectively, with a mean modelled HO2 to OH ratio of (80.8 ± 424
18.1) (compared to the observed HO2 to OH ratio of (79.1 ± 34.1)). For the global model run including bromine 425 chemistry, but not iodine, the mean midday modelled to observed ratios for OH and HO2 are (1.48 ± 1.05) and 426
(1.69 ± 0.81), respectively, with a mean midday modelled HO2 to OH ratio of (81.9 ± 19.0). Bromine chemistry 427 thus acts to decrease the concentrations of both OH and HO2, in contrast to the box model results which show 428 increased concentrations of OH and decreased concentrations of HO2. For the model run including iodine, but not 429 bromine, the midday modelled to observed ratios for OH and HO2 are (1.57 ± 1.00) and (1.59 ± 0.81), respectively, 430 with a mean midday modelled HO2 to OH ratio of (70.4 ± 12.5). Iodine chemistry thus results in increased OH 431 and decreased HO2 for both the global and box model simulations at Cape Verde. Inclusion of bromine and iodine 432 chemistry combined leads to midday modelled to observed ratios of (1.53 ± 1.01) for OH and (1.57 ± 0.82) for 433 HO2, and a mean midday modelled HO2 to OH ratio of (71.3 ± 13.2). These results are shown in Table 2 owing to the reaction of Br with O3, which leads to a decrease in the rate of primary radical production from O3 445 in increased OH production through HOI photolysis as well as the repartitioning of HO2 and OH through HOI 455 production in a similar manner to that for HOBr. However, the more rapid cycling of HO2 to OH through the 456 more rapid production and photolysis of HOI compared to HOBr, reduces the impact of iodine chemistry on the 457 HO2:OH ratio compared to that for bromine chemistry. Iodine chemistry thus can reduce the OH concentration 458 similarly to bromine chemistry, through the destruction of O3 and subsequent reduction in primary production 459 rate, but the impact is less than that for bromine, and can be offset by the direct emissions of HOI which increases 460 the production rate of OH through photolysis. 461
462
The impacts of iodine chemistry in the global model are thus more complex than those for bromine chemistry. 
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